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about revised technical documentation for the Air Force, has recommended 
other far-reaching steps. Foley likens the new concepts in job aids to 
other systems, primarily hardware in nature, which are also in a develop­
mental stage. He recommends that a special systems project office be 
created to oversee the development of a revised technical order system 
which would embody many of the new concepts in job aids. Since this new 
office would have its own funding, program managers for new weapons 

systems would not have to allocate resources to the procurement of an 
upgraded technical documentation system. 

Recommendation 19: DoD and the services should seek ways to sup­
port the JPA concept in the weapons systems procurement process. For 
a period of two to three years DDR&E and OSD/I&L should review the 
specifications and funding for technical documentation for new weapons 
systems. The services should provide special funding for new types of 
JPAs within a separate program element. 

PERSONNEL AND TRAINING 

Since skilled technicians play a key role in the maintenance func­
tion, personnel and training policies may have significant impacts on 
the costs of electronics maintenance. In this section we look specifi­
cally at three areas in which these impacts may occur: (1) electronics 
training, broadly defined to cover on-the-job training as well as tech­
nical schooling, (2) assignment of manpower, and (3) the supply of en­
listees and reenlistees to electronics maintenance specialties. 

Training 

Military training can be viewed as the general process by which 
individuals become proficient at their assigned jobs. This process 
would, at a minimum, include both formal technical training and the 
on-the-job training required for initial and subsequent assignments. 
The efficiency of military training can be evaluated on the basis of 
the net cost of achieving a given level of proficiency on the job. Al­
though little work has been done in estimating the duration and costs 
of on-the-job training for electronics specialties, the general opinion 
is that these costs are considerable and that newly trained personnel 
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require months of orientation before they can make significant contribu­
tions to electronics maintenance. 

Initial training for electronics specialists typically lasts for 
30 to 40 weeks. Nearly half of this time is devoted to teaching trainees 
principles of electronics, and the remainder includes developing basic 
electronics skills and giving training on generic equipment. There are 
really two questions that arise in seeking ways of reducing formal train­
ing costs. The first is whether the lengthy training in electronics 
principles given to trainees in electronics specialties is justified-­
especially in view of changes in maintenance practices for recent elec­
tronics systems. This question cannot be answered without large-scale 
demonstrations that could evaluate personnel who have received differ­
ent amounts of training in electronics theory. Such demonstrations (in 
conjunction with JPAs) were recommended in the previous subsection in 
relation to research proposed by AFHRL. 

The second question concerns the relevance of training on generic 
equipment. In some electronics specialties generic equipment is quite 
typical of equipment encountered in the field, but in other cases the 
diversity of equipment is such that generic equipment is of no help in 
preparing a trainee for a field assignment. One Air Force specialty 
(AFSC 328x4) has responsibility for maintaining 34 different inertial 
navigation systems; yet a particular technician is effective only on 
the system for which he has received on-the-job training. Air Force 
AGE maintenance specialists may be assigned to any of 41 different test 
stations on 6 different aircraft types. Moreover, recent innovations 
in AGE may have tended to increase the diversity of maintenance tasks 
within the electronics area. The existence of unique equipment and the 
frequent rotation of personnel pose problems for operational commands. 
A large proportion of maintenance specialists may be undergoing on-the­
job training, even when the skill mix reflects considerable seniority. 
TAC believes that the shortage of experienced personnel is a major prob­
lem in maintaining the avionics on the F-111. 

Extreme specialization within a military occupation creates a 
dilemma for the training commands. On the one hand it would be desir­
able to train personnel on the equipment they would be assigned to in 
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the field. However, such training may be quite costly in terms of 

equipment needed and instructors required and would place a heavy bur­

den on the services of accurately projecting assignments for trainees 

at the time of school assignment. One other alternative is to eliminate 

the equipment-oriented portion of formal training and provide this train­

ing on the job. This would be the simplest and perhaps the most effic­

ient alternative. 

Recommendation 20: In fields of electronics specialties, where 

the equipment is highly diversified, the services should consider in­

creased on-the-job training to replace the instruction given with gen­

eric equipment in technical schools. 

The existence of an electronics training curriculum which contains 

substantial amounts of electronics theory has had an influence on other 

parts of the personnel system. Individuals given technical training 

must achieve certain aptitude test scores to perform satisfactorily on 

the electronics theory portion of school training. Moreover, tests that 

evaluate technical competence for purposes of upgrading personnel after 

they leave school reflect the types of materials presented in training. 

To the extent that such materials are not important to job performance, 

criteria for specialty assignment and upgrading are unduly restrictive. 

The training command would benefit from an objective feedback which 

indicates how well technical school graduates are able to perform their 

job at various points in time after leaving school. Performance testing 

would help evaluate changes in training and JPAs and might also identify 

areas where training is deficient. As was previously suggested in 

Recommendation 1, in areas where total costs are large, the services 

should investigate the possibility of administering performance tests 

on a routine basis to a random sample of its graduates. Performance 

tests would provide feedback to the training based on actual job capa­

bilities rather than on academic ability. 

Personnel 

A specialty that maintains highly differentiated equipment requires 

not only large investments in initial training but in cross-training as 
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well. One way to begin to reduce cross-training requirements is to 

keep track of which equipment a given individual can effectively main­

tain, perhaps simply by adding digits to the occupational identifier. 

In reassigning or rotating personnel, an attempt could be made to assign 

journeymen-level personnel to equipment with which they are experienced. 

In fact, one of the purposes of the Naval Enlisted Classification code 

(NEC) is to match individuals with particular equipment. The NEC is 

a four-digit occupational identifier used to supplement the rating. 

For equipment that is a particular problem to maintain, the service 

could take further steps and could rotate personnel experienced in main­

taining the particular system only to other installations where that 

system is in use. This would permit them to accumulate experience with 

* the system, which may help improve its maintainability. The strongest 

indication that there would be a continued supply of enlistees to elec­

tronics, even with reduced formal training, is that the services could, 

in principle, begin to accept individuals into electronics fields with 

lower test scores than now required. This could greatly expand the pool 

of potential enlistees. 

Recommendation 21: The military services should reevaluate the 

military specialty code system in light of the diversity of electronics 

systems. For electronics specialties that maintain highly diversified 

types of equipment the services should consider using additional occu­

pational identifiers to indicate which equipment an individual is quali­

fied to maintain. The identifiers can be used in assigning personnel 

to units. For troublesome electronics systems, this process would ensure 

that only capable personnel were given responsibility for maintaining a 

given system; repairmen with the same specialty code but unfamiliar with 

the particular system would not be rotated in as replacements. 

Supply of Military Manpower 

Military enlisted personnel are procured through the processes of 

enlistment and reenlistment. First-term personnel typically enter the 

* However, the retention implications of such a policy might make 
it infeasible for certain types of equipment where all locations are 
remote or otherwise undesirable. 
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electronics area by exercising the enlistment option which permits them 

to choose an area of training. Although the enlistment rate in the 

electronics area is currently adequate, there is a legitimate question 

as to whether it would still be adequate if the amount of formal train­

ing given to electronics specialists was sharply curtailed. Proponents 

of JPAs have suggested that much of formal training can be eliminated 

if well-designed JPAs are widely introduced for electronics maintenance. 

A second question relating to the supply of electronics personnel con­

cerns retention. Given the problem in maintaining electronics equip­

ment, are reenlistments rates high enough, and if not, what actions can 

be taken to improve retention in this area? 

Definitive answers, of course, cannot be given concerning future 

enlistment rates, especially if vastly different training policies are 

in operation. The principal argument that enlistments would be severely 

restricted is that surveys have shown that a high proportion of enlistees 

state that training was the most important reason for enlisting. Even 

if such surveys were reliable, it is not clear whether the trainees' 

concept of training is limited to formal schooling or whether it includes 

the attainment of a given level of proficiency in the electronics field. 

The evidence seems rather to suggest that enlistments may not be that 

severely affected by reduced formal training·. 

The question of whether a large proportion of individuals either 

use or benefit economically from training in the field of electronics 

is also important. Table 3 shows the distribution of former first-term 

DoD electronics personnel across selected civilian occupations. These 

data are compiled from an OASD (M&RA) survey of personnel with less 

than six years of military service, approximately one year after leaving 

military service. Only about one-third of employed electronics per­

sonnel work in the fields of bench and structural work containing tradi­

tional electronics-related jobs, such as electronics repair and electrical 

installation. Approximately one-fourth of a control group consisting of 

Army infantry personnel hold jobs in the same area. (These data apply 

to high-school graduates and do not include those using the "G.I. Bill" 

to attend college. As a result the figures may overstate differences 

between electronics and non-electronics personnel.) 



-46-

Table 3 

CIVILIAN OCCUPATIONS FOR EMPLOYED DOD SEPARATIONS (FY 1971) 
WITH LESS THAN SIX YEARS OF SERVICE 

(Electronics specialists and combat infantry) 

Selected Occupations 

70-79 80-89 
00-05 Bench Structural 

Professional Work (Incl. (Incl. 
Service Scientific Electronics) Electrical) 

High-School Graduates 

Army infantry 0.02 0.05 0.21 
Army electronics 0.06 0.07 0.27 
Air Force electronics 0.16 0.08 0.24 
DoD electronicsa 0.11 0.08 0.26 

College (1-3 years) 

Army infantry 0.09 0.03 0.02 
Army electronics 0.19 0.07 0.21 
Air Force electronics 0.22 0.07 0.21 
DoD electronicsa 0.21 0.07 0.21 

Sample 
Size 

1485 
1741 
1023 
3295 

243 
637 
334 

1373 

aArmy, Navy, Air Force. Navy electronics technicians may serve a 
minimum of six years of service. 

The largest differences between electronics and non-electronics 

personnel occur in the proportion holding professional and scientific 

jobs, although this difference amounts to less than 10 percent of em­

ployed personnel. The picture is somewhat different for college-trained 

enlisted personnel, but in this group as well as among the high-school 

educated there may be systematic differences between personnel chosen 

for electronics training and other personnel. In any event, only a 

minority of military personnel in the civilian labor force actually use 

their military training, and this group would be made even smaller if 

the reenlistee, the student, and the unemployed worker were taken into 

account. 

In short, electronics may be appealing to enlistees as a relatively 

attractive and challenging military occupation but not for the particular 

skills acquired by the electronics specialist. 
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One method of improving the average skill level of military per­

sonnel in electronics is by increased retention rates. Within the 

military, first-term retention rates are traditionally very low, vary­

ing over the past decade between 15 and 25 percent. Reenlistment rates 

in the career force have been in excess of 85 percent within that same 

period. In fact, military reenlistment rates have been depressed since 

FY 1967 because of the influence of the Vietnam War and the presence of 

large numbers of personnel who were motivated to enlist by the threat 

of the draft. Beginning in FY 1972 the first increases in reenlistment 

rates could be detected, and it is possible that first-term enlistment 

rates could return to or surpass the levels of 1960-1965. 

Reenlistment rates in the area of electronics have tended to be 

higher than rates in the military as a whole. (DoD-wide, the first-term 

reenlistment rate was 30.0 percent for electronics versus 18.6 percent 

for all other specialties in FY 1972.) ~is is somewhat surprising in 

view of the presumed value of electronics training to the civilian sec­

tor and because high-aptitude electronics technicians are more likely 

to be draft-motivated enlistees than other military personnel. Part of 

the reason for the relatively "high" reenlistment rate for electronics 

is the relative attractiveness of this type of military specialty, but 

much of the credit is probably due to the special pay program. Enlisted 

personnel in electronic specialties qualify for the variable reenlistment 

bonus (VRB) and for proficiency pay. The VRB pays up to $8000 for first­

term reenlistees, and proficiency pay is an increment to monthly pay 

ranging from $50 to $150. In recent years electronics specialists have 

* qualified for only one-half the maximum VRB payment. The simplest way 

to increase reenlistments in the electronics area is to award the maxi­

mum amount of special pay to these occupations. This change could be 

expected to increase reenlistments by a factor of from 1.2 to 1.4. 

The Navy has managed to increase its retention of electronics per­

sonnel through use of the six-year program. This program provides extra 

training plus a deferred bonus for men making a six-year commitment. 

* The VRB award is based on the manpower requirement for the career 
force and on an index calculated from the length and cost of military 
training in the specialty. 



-48-

The six-year commitment, of course, increases the expected length of 

service of the first-term enlisted man, but, since the six-year program 

appeals primarily to career-oriented enlistees, reenlistment rates in 

this area tend to be significantly higher than in the rest of the Navy. 

In the four ratings that contain only those obligated for six years, 

the first-term reenlistment rates ranged from 55 to 90 percent in FY 

1972, compared with an overall first-term rate of 23.2 percent. Al­

though the effectiveness of such a program depends on the number of 

qualified enlistees willing to accept a six-year commitment, the Navy 

has reportedly been able to fill all of its electronics technician 

slots with six-year obligors. 

Recommendation 22: The military services, particularly the Army 

and the Air Force, should evaluate the benefits of employing a more 

senior force of electronics technicians, perhaps by measuring the pro­

ductivity of personnel with different levels of experience (Recommenda­

tion 2). An increased proportion of careerists can be achieved by 

raising first-term reenlistment rates through increases in special pay 

or by requiring an extended initial term for personnel serving in the 

electronics area. This, of course, would raise the average cost per 

man, but the greater effectiveness of senior personnel in such diffi­

cult areas as troubleshooting could result in a requirement for fewer 

maintenance personnel and thereby could reduce total costs. 
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III. CONCLUSIONS 

In the preceding pages we have presented a conceptual framework 

and specific recommendations for reducing electronics maintenance man­

power costs. As we have pointed out, the question of cost reduction is 

complex. Areas where improvements can be made in isolation from other 

parts of the maintenance system are few, if they exist at all, and we 

have attempted to recognize this interdependency. 

Our recommendations can be classified as either (1) ways to reduce 

the demand for maintenance labor or (2) ways to increase the productivity 

of maintenance labor. Most of our recommendations and most methods of 

cost saving lead to improvements in productivity, but a clear distinc­

tion must be made between the two possibilities for reducing labor costs. 

The cost savings result from improvements in labor productivity that are 

generated by expenditures on non-labor factors of production, such as 

maintenance aids or training courses. If savings are to be generated, 

these expenditures will be more than offset by the reduction in the 

labor force. Cost savings can also be realized from a labor force re­

duction that does not involve increased expenditures to improve labor 

productivity. Such improvements would fall ·into the first classifica­

tion listed above, where the demand for maintenance labor is reduced. 

Examples of such changes would be removing unnecessary tasks or imple­

menting organizational changes to take advantage of economies of scale 

in maintenance. This is the spirit of our recommendations dealing with 

analyzing comparable civilian activities. These structural changes 

would, of course, improve labor productivity but would not be the re­

sults of investment in labor-saving devices. 

To carry out many of our recommendations, timeliness is important-­

some require immediate action both with respect to research problems 

and with respect to the implementation of already tested concepts. Other 

recommendations will have application to the long term. Therefore, to 

clarify the discussion that follows, the review of recommendations and 

our related concluding remarks will deal separately with both types of 

recommendations. 
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SHORT-TERM DEMONSTRATIONS AND EXPERIMENTS 

One of the two principal goals of this report is to recommend dem­

onstrations or experiments that can be undertaken in the short term to 

help identify ways to reduce personnel and manpower-related costs in 

electronics maintenance. The preceding sections have identified and 

recommended eight opportunities for short-term demonstrations or experi­

ments. The short term was defined as approximately the next six months 

to one year, but even this rather generous interpretation severely limits 

the number of changes that can be introduced. Whether the subject area 

is job performance aids, maintenance manpower practices, or maintenance 

training, creating an experiment or demonstration involves a number of 

time consuming steps: planning, development, implementation, monitoring, 

and evaluation. A small-scale demonstration may be just as costly in 

terms of time as a wholesale innovation. 

The strategy adopted here to obtain short-term results has been to 

start with research already in progress or with innovations already 

planned, especially since so much time is needed to set up experiments. 

In the area of maintenance manning practices, this report has emphasized 

the need to develop cost comparisons between government and contractor 

depot-level maintenance and between organic and depot electronics mainte­

nance. In particular, the following recommendations were made. 

Recommendation 4: Data on the costs of contractor depot repair 

during the early stages of equipment acquisition of recently developed 

electronics systems should be compared with regular military depot re­

pair costs where possible. The N-16 and Kearfott-Singer ASN-90 inertial 

navigators are two systems that might be compared. 

Recommendation 5: Comparisons should be made of field and depot 

retest OK rates and failure rates after repair. These should be used 

to evaluate the relative diagnostic and repair capabilities at the base 

and depot levels. The integrated display on the F-lllD and inertial 

measurement set on the A-7D are candidates for study. 



-51-

with respect to most types of JPAs is to evaluate the impact of these 
aids in an operational environment. In this regard there are four 
specific opportunities to begin to acquire field experience with JPAs. 

Recommendation 6: The introduction of the PIMO system of job aids 
for the C-141A should be monitored and evaluated to permit comparisons 
of maintenance costs and measures of productivity or maintenance effic­
iency with and without the JPA system. Planning and data collection 
for monitoring and evaluating the new system should begin immediately. 

Recommendation 7: The development of job aids for the AQA-7 sonar 
subsystem should be followed up with field tests. The Navy should ensure 
that the field tests are properly conducted, using control groups, 
collecting data on maintenance costs and performance for the sonar sub­
system and on mean times to repair, and collecting other statistics for 
individual technicians. 

Recommendation 8: The decision to cease development of the inte-
grated job aids for the AWG-10 Rhonl il hP rPrnnl':d clPrPcl 1-m t-h<> N:::nm T-F 
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make comparisons of maintenance practices and costs. In particular, 

DoD should study the Carrousel inertial navigation system developed by 

General Electric. 

In the field of troubleshooting aids DoD may benefit from the new 

systems developed by McDonnell-Douglas, Boeing, and Lockheed for their 

jumbo jets. 

Recommendation 14: DoD should examine commercial aviation trouble­

shooting systems, such as the FEFI/TAFI system developed by Douglas for 

the DC-10, for possible military applications. 

THE LONG-RUN PROBLEM OF REDUCING ELECTRONICS MAINTENANCE COSTS 

The second principal goal of the report is to develop long-term 

recommendations relating to the cost of electronics maintenance. The 

maior limitation in aehievin~ ~ffiri~nrv in ~1~r~rnnir~ m~in~Pn~nr~ i~ 
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reliability of statistical estimates. The following career fields 

should be included: Army, Tactical Electronic Equipment Maintenance 

(EE) and Air Defense (AD); Navy, Electronics Technician (ET) and Avia­

tion Electronics Technician (AT); Marines, Avionics (62); Air Force, 

Communications Electronics Support (30) and Avionics Support (32). 

Reaommendation 2: Research should be undertaken to develop models 

of military units (where appropriate), to validate the models, and to 

apply them.to the evaluation of manning standards. The possibility of 

determining manning standards based on data and programs already in 

existence should be seriously considered. Research should be conducted 

using simulation models and other methods to develop productivity weights 

for personnel with differing amounts of experience. 

Maintenance of the Existing Inventory 

Electronics maintenance costs over the next decade are likely to 

be dominated by those electronics systems already in the inventory, 

despite the rapid rate at which the United States develops new weapons 

systems. Consequently, actions to reduce maintenance costs on existing 

systems are likely to have a greater impact on cost and performance 

during the next few years than efforts to procure electronics systems 

with good maintainability features. In this regard an evaluation of 

the short-term demonstrations and experiments cited above may have a 

significant impact on the maintenance of electronics systems. Compari­

sons of the costs of contractor versus government maintenance and depot 

versus organic maintenance will provide information on the most useful 

way to organize the maintenance activity. In addition, an evaluation 

of operational experience with aids developed for the C-141, the AQA-7 

sonar, and the AWG-10 fire control system will also increase our usable 

knowledge about the efficiency of electronics maintenance activities. 

These specific examples may provide a good opportunity to develop per­

formance measures and models of the maintenance activity already 

recommended. 

One of the problems with existing electronics maintenance is the 

great degree of specialization imposed on the technician by the prolifer­

ation of electronics components and subsystems. To counteract the 
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maintenance problems caused by this specialization, the services should 
move to ensure that personnel have adequate experience with the elec­
tronics components they are charged to maintain. 

Recommendation 20: In fields of electronics specialties, where the 
equipment is highly diversified, the services should consider increased 
on-the-job training to replace the instruction given with generic equip­
ment in technical schools. 

Recommendation 21: The military services should reevaluate the 
military specialty code system in light of the diversity of electronics 
systems. For electronics specialties that maintain highly diversified 
types of equipment the services should consider using additional occu­
pational identifiers to indicate which equipment an individual is quali­
fied to maintain. The identifiers can be used in assigning personnel 
to units. For troublesome electronics systems, this process would ensure 
that only capable personnel were given responsibility for maintaining a 
given system; repairmen with the same specialty code but unfamiliar with 
the particular system would not be rotated in as replacements. 

Recommendation 22: The military services, particularly the Army and 
the Air Force, should evaluate the benefits of employing a more senior 
force of electronics technicians, perhaps by measuring the productivity 
of personnel with different levels of experience (Recommendation 2). An 
increased proportion of careerists can be achieved by raising first-term 
reenlistment rates through increases in special pay or by requiring an 
extended initial term for personnel serving in the electronics area. 
This, of course, would raise the average cost per man, but the greater 
effectiveness of senior personnel in such difficult areas as trouble­
shooting could result in a requirement for fewer maintenance personnel 
and could thereby reduce total costs. 

The development of JPAs for routine maintenance tasks, which is well 
within the state of the art for JPAs, should also be considered as a means 
of reducing the time required for personnel to learn a new system. 

Recommendation 11: Fully proceduralized job performance aids for 
non-troubleshooting tasks should be considered, especially for maintaining 
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high-cost equipment now in the inventory. A review should be under­
taken to_determine if m;:tinrPn.:<~ni"'P "'""t-"' ,.,n___h.,. ,..,.rJ,r<>rl .,.,; n-nll;"'"'"r1 ~T 
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Recommendation 17: In those areas where JPAs are introduced, tech­

nical training should include instruction in the use of these aids, and 

incentives should be provided to encourage their use. 

Recommendation 18: JPAs for new weapons systems should be procured 

at the same time as the system itself. The operational testing period 

for the new svstem l'lhonln hP ''"'~".1 t-n "''~1;r1~r., "'"" .,..,,,;.,.,. t-"h .. TPilo 



-57-

The principal area where more work is required to make JPAs oper­

ational is in troubleshooting. Troubleshooting aids, particularly fully 

proceduralized aids, are inherently more complex than aids for routine 

or "straight-line" maintenance tasks. 

Recommendation 12: An expanded research program should be under­

taken for JPAs, with emphasis on aids for troubleshooting, to determine 

which types of troubleshooting aids are most useful to the repairmen. 

Such an effort was initially proposed by AFHRL and should be funded as 

part of their research program. 

In addition to knowing how well aids work, DoD must also know the 

cost of procuring various types of JPAs over and above the costs for 

conventional documentation. 

Recommendation 15: DoD should attempt to estimate the incremental 

cost of several sets of JPAs for various types of electronics systems. 

These estimates should help determine the cost of preparing JPAs for 

new systems. The costs should reflect the assumption that the aids 

would be prepared under the new draft specification TR 73-43 formulated 

by AFHRL. 

Recommendation 16: In exploring the economic aspects of JPAs, 

DoD should investigate the cost and potential benefits of developing 

families of job aids for electronics equipment. These aids would pro­

vide appropriate types of assistance to personnel of different skill 

levels. 

Electronics Maintenance Costs in Perspective 

As we stated earlier in this report, the goal of producing national 

defense at minimum cost requires simultaneous answers to three broad 

questions: 

1. What quantities and types of weapons systems should be 

procured? 

2. At what level of capability should these systems be 

maintained? 

3. How should the level of maintenance be provided? 
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Our focus, of course, has been on the third question, with particular 

emphasis on the implications of past research on JPAs for more immediate 

action. Larger savings in other areas may be available, but we must 

address the general question of productivity measurement to make these 

savings available to DoD. 
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